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(57) Abstract: A syslem for providing management protocol mediation between wireless networks includes a first wireless network 
(10) operable to communicate with a mobile station (12) over a wireless interface (48). The system also includes a second wireless 
network (44) having an operations and maintenance center (CMC) (78) coupled thereto and operable to execute an application to 
manage the first wireless network (10) using a first management protocol. The CMC (78) is further operable to manage the second 
wireless network (44) using a second management protocol. The syslem further includes a protocol mediator (166) coupled to the 
first and second wireless networks. The protocol mediator (166) is operable to translate between the first management protocol and 
the second management protocol. 
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1/IETHOD AND SYSTEM FOR 
PROVIDING MANAGEMENT PROTOCOL MEDIATION 
IN WIRELESS COMMUNICATIONS NETWORKS 



CROSS-REFERENCE TO RELATED APPLICATIONS 

This application is related to the following applications: 

U.S. Application Serial No. 09/128,553, filed on August 3, 1998, and entitled 
"A Tlug and Play' V/ireless Architecture Supporting Packet Data and IP 
Voice/Multimedia Services," pending; and 

U.S. Application Serial No. 09/219,539, filed on December 23, 1998, and 
entitled "Wireless Local Loop System Supporting Voice/IP," pending. 

All of the following applications are related: 

U.S. Application Serial No. 09/499,921, filed concurrently herewith, and 
entitled "Method and System for Interworking Voice Bearer Messages Between 
Circuit-Switched and Packet-Switched Networks," pending; 

U.S. Application Serial No. 09/499,923, filed concurrently herewith, and 
entitled "Method and System for Interworking Voice Signaling Messages Between 
Circuit-Switched and Packet-Switched Networks," pending; 

U.S. Application Serial No. 09/500,751, filed concurrently herewith and 
entitled "Method and System for Incorporating Legacy Private Branch Exchange 
Features in a Wireless Network," pending; 

U.S. Application Serial No. 09/500,379, filed concurrently herewith, and 
entitled "Method and System for Providing User Mobility Between Public and Private 
Wireless Networks," pending; and 

U.S. Application Serial No. 09/499,922, filed concurrently herewith, and 
entitled "Method and System for Providing Management Protocol Mediation in 
Wireless Communications Networks," pending. 

These applications have been commonly assigned to Opuswave Networks, 

Inc. 
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TECHNICAL FIELD OF THE INVENTION 

This invention relates generally to the field of telecommunications and, more 
specifically, to a method and system for providing management protocol mediation 
between wireless communications networks. 

BACKGROUND OF THE INVENTION 

Private branch exchanges, or PBXs, are well-known in the art of 
telecommunications. Corporations, organizations, and other enterprises typically use 
PBXs to provide internal telephone services to their personnel. The personnel may 
call one another without using an external switched public telephone network, 
although the PBX is coupled to the public telephone networks for making external 
local and long distance calls. Telephones are usually coupled to the PBX by wireline 
connections. PBXs also typically implement a variety of features, including call 
waiting, call forwarding, conferencing, and call blocking. 

Packet-switched computer networks are also common. Corporations and other 
enterprises typically use the computer networks to provide computer and data services 
to their personnel. The networks often take the form of a Local Area Network (LAN), 
a Wide Area Network (WAN), or a Metropolitan Area Network (MAN). These 
networks typically are used to transfer and share data files and to send and receive e- 
mail. In addition, developments in the area of Voice over IP (VoIP) allow the packet- 
switched networks to transmit voice messages. 

Recently, interest in wireless networks has increased. Wireless networks 
allow mobile stations, or wireless units, to communicate over a wireless interface. 
The mobile station may be a wireless telephone communicating with a voice network 
over the wireless interface. The mobile station may also be a computer 
communicating with a data network over the wireless interface. Wireless 
communications may be over private or public networks. Operators of the wireless 
networks often wish to integrate the wireless networks into the existing PBXs and 
computer networks. 

The PBX, wireless network, and computer network are usually separate 
networks since each of them often uses different protocols to transfer messages and 
manage elements of the network. The inability to fully integrate the wireless network 
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with the PBX and computer network inhibits the wireless network from performing 
several key functions. Without full integration, mobile station users may have 
difficulty accessing the PBX and the computer network. Also, the mobile station 
users may not be able to roam between the private wireless network and the public 
wireless network. The mobile station user cannot move in and out of the private 
wireless network while talking. Instead, the user has to terminate the call, move to the 
other network, and reestablish a connection. In addition, the inability to fully 
integrate the networks may force the mobile station users to have two different 
wireless phones, one for the private wireless network and one for the public wireless 
network. Further, to provide PBX features in a wireless network, the wireless 
network operator typically installs substantial hardware and/or software in the 
wireless network to provide these features. However, even though the PBX-like 
features are implemented in the wireless network, the PBX and the wireless network 
still remain separate. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a method and system for providing 
management protocol mediation in wireless communications networks is provided 
that substantially eliminates or reduces disadvantages and problems associated with 
previously developed systems and methods. 

A system for providing management protocol mediation between wireless 
networks is disclosed. The system comprises a first wireless network operable to 
communicate with a mobile station over a wireless interface. The system also 
comprises a second wireless network having an operations and maintenance center 
(OMC) coupled thereto and operable to execute an application to manage the first 
wireless network using a first management protocol. The OMC is further operable to 
manage the second wireless network using a second management protocol. The 
system further comprises a protocol mediator coupled to the first and second wireless 
networks. The protocol mediator is operable to translate between the first 
management protocol and the second management protocol. 

A method of providing management protocol mediation between wireless 
networks is also disclosed. The method comprises the step of executing at a first 
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wireless network an application in an operations and maintenance center using a first 
management protocol. The method also comprises the step of managing a second 
wireless network using a second management protocol. The method further 
comprises the step of translating between the first and second management protocols. 

A technical advantage of the present invention is that different management 
protocols can be used to manage the different networks. One management protocol 
can be used to manage the public wireless network, and a second management 
protocol can be used to manage the private network. The use of different protocols 
supports a higher degree of customization, allowing more appropriate protocols to be 
used where needed. It also allows a private wireless network using a different 
protocol to be integrated with the public network. Once integrated, the wireless 
network can make use of the features currently installed in the existing PBX. Mobile 
stations can also use the existing PBX to gain access to external voice networks like 
the public phone systems, and the mobile stations can use the computer network to 
gain access to external data networks like the Internet. In addition, mobile station 
users only need one wireless phone, rather than one for the public wireless network 
and one for the private wireless network. The mobile station users may also roam 
between the private wireless network and the public wireless network without 
terminating a call and reestablishing a connection. 



BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention, and for further 
features and advantages, reference is now made to the following description, taken in 
conjunction with the accompanying drawings, in which: 

FIGURE 1 illustrates a private communications network, including one or 
more wireless subsystems, coupled to existing public and private voice and data 
networks in accordance with the teachings of the present invention; 

FIGURE 2 illustrates, in greater detail, the integration of the private 
communications network and a public mobile land network (PLMN); 

FIGURE 3 illustrates, in greater detail, a functional architecture for managing 
the wireless subsystems; 
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FIGURE 4 illustrates, in greater detail, an architecture for managing the 
wireless subsystems using t:ie functional architecture of FIGURE 3; 

FIGURE 5 illustrate:s, in greater detail, the integration of a protocol mediator 
with the private communications network and the PLMN; 

FIGURE 6 illustrates, in greater detail, a protocol architecture for managing 
the wireless subsystems; 

FIGURE 7 is a flowchart illustrating a translation function performed by the 
protocol mediator; and 

FIGURE 8 is a flowchart illustrating another translation function performed by 
the protocol mediator. 

DETAILED DESCRIPTION OF THE DRAWINGS 

Embodiments of the present invention and its advantages are best understood 
by referring to FIGURES 1 through 8 of the drawings, like numerals being used for 
like and corresponding parts of the various drawings. 

FIGURE 1 illustrates a private communications network coupled to existing 
public and private voice and data networks in accordance with the teachings of the 
present invention. Private network 10 comprises one or more mobile stations (MS) 
12, a wireless subsystem (WSS) 14, a packet switching subsystem (PSS) 16, a private 
branch exchange (PBX) 1 8, and an Internet Protocol (IP) network 20. 

Mobile station 12 comprises any device capable of communicating with a base 
station 24 over a wireless interface 48. Mobile station 12 may comprise, for example, 
a Global System for Mobile communication (GSM) mobile station capable of 
delivering a circuit-switched speech service. Alternatively, mobile station 12 may 
comprise a portable computer with a microphone or a phone coupled to a wireless 
modem. Mobile station 12 may also comprise a computer and a phone coupled to a 
radio unit. In this document, the terms "couple," "coupled," and "coupling" refer to 
any direct or indirect connection between two elements within private network 10, 
whether or not the two elements are in physical contact with one another. 

Wireless subsystem 14 comprises one or more base station subsystems (BSS) 
22. Each base station subsystem 22 comprises a base transceiver station (BTS) 24, 
also called a base station 24, and a wireless adjunct internet platform (WARP) 26. 
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Base station 24 is coupled to WARP 26 by an interface 28. Base station 24 
also provides bi-directional communication with mobile station 12 in a specified 
geographic area over wireless interface 48. Base station 24 is operable to transfer 
messages between mobile station 12 and WARP 26. Base station 24 may comprise, 
for example, one or more transceivers capable of transmitting and receiving circuit- 
switched messages from mobile station 12 over wireless interface 48. In one 
embodiment, base station 24 and mobile station 12 communicate using the GSM 
04.08 signaling message and 08.60 bearer message protocols. 

Wireless interface 48 couples mobile station 12 and base station 24. In this 
document, the term "wireless" designates the use of a radio or over-the-air interface to 
communicate with mobile station 12. Wireless interface 48 may comprise any of a 
number of available wireless interfaces capable of transferring circuit-switched 
messages between mobile station 12 and base station 24, In one embodiment, mobile 
station 12 and base station 24 communicate using the GSM General Packet Radio 
Service (GSM/GPRS) interface. In another embodiment, base station 24 and mobile 
station 12 communicate using the GSM Enhanced Data rates for GSM Evolution 
(GSM/EDGE) interface. 

WARP 26 is coupled to base station 24 by interface 28 and to IP network 20. 
WARP 26 allows users of mobile stations 12 to gain access to internal networks and 
to external voice and data networks. In one embodiment, WARP 26 communicates 
with mobile station 12 through base station 24 using a circuit-switched message 
protocol, and WARP 26 communicates with IP network 20 using a packet-switched 
message protocol. WARP 26 also provides interworking for the transmission of 
messages tlirough private network 10. WARP 26 translates between the circuit- 
switched and the packet-switched protocols. In one embodiment, WARP 26 converts 
circuit-switched messages from mobile station 12 into packetized messages suitable 
for transmission over IP network 20. WARP 26 also converts packetized messages 
from IP network 20 into circuit-switched messages sent to mobile station 12. In a 
particular embodiment, WARP 26 uses the architecture specified in the International 
Telecommunications Union-Telecommunications (ITU-T) H.323 protocol standard 
for provisioning IP packet voice services. 

Interface 28 couples base station 24 and WARP 26. Interface 28 may be any 
of a number of available interfaces capable of transferring circuit-switched messages 
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between base station 24 and WARP 26. Interface 28 may comprise, for example, a 
GSM Abis wireline interface. 

IP network 20 transmits and receives packet-switched messages from one 
address in IP network 20 to another address. IP network 20 may comprise any 
number of available packet-switched networks. IP network 20 may, for example, 
comprise a Local Area Network or a Wide Area Network. An IP phone 36 and a 
workstation 38 may also be coupled to IP network 20. IP network 20 may also be 
coupled to an external data network such as Internet 42 or to an external voice 
network like a public land mobile network (PLMN) 44. 

Packet switching subsystem 16 comprises a subscriber location register (SLR) 
30, a gatekeeper (GK) 32, and a PBX gateway (GW) 34. Subscriber location register 
30 is coupled to IP network 20. Subscriber location register 30 stores subscriber 
management information for each mobile station 12. Subscriber location register 30 
stores general subscriber management information downloaded from PLMN 44. 
Subscriber location register 30 also stores each user's extension number, direct dial 
number, and any other information that is specific to private network 10. Subscriber 
location register 30 may comprise, for example, a SUN'^ workstation with a 
database. 

PBX gateway 34 is coupled to IP network 20, a PBX 18, and a public 
switched telephone network (PSTN) 46. PBX gateway 34 communicates with IP 
network 20 using a packet-switched message protocol. PBX gateway 34 also 
communicates with PBX 18 or PSTN 46 using a circuit-switched message protocol. 
PBX gateway 34 provides the interworking functionality between packet-switched 
messages transmitted to and received from IP network 20 and circuit-switched 
messages transmitted to and received from PBX 18 or PSTN 46. In one embodiment, 
PBX gateway 34 communicates over IP network 20 using the ITU-T H.323 protocol 
standard, PBX gateway 34 communicates with PBX 18 using a PBX interface 
protocol, and PBX gateway 34 provides the interworking between the protocols. 

Gatekeeper 32 is coupled to IP network 20. Gatekeeper 32 provides call 
control services for mobile stations 12, WARPs 26, and PBX gateway 34. Gatekeeper 
32 tracks the location of each mobile station 12, and gatekeeper 32 routes calls to and 
from the WARP 26 currently serving a particular mobile station 12. This allows 



wo 01/60010 PCTAJSOl/02572 

8 

users of mobile stations 12 to roam freely between geographic areas covered by 
different base stations 24. 

PBX 18 is coupled to PBX gateway 34, PLN4N 44, and PSTN 46. PBX 18 
may transmit and receive circuit-switched messages from PBX gateway 34, PLMN 
44, and PSTN 46. PBX 18 may also communicate with a telephone 40 coupled to 
PBX 18. PBX 18 may be any of a number of available PBX networks capable of 
transmitting and receiving circuit-switched messages. PBX 1 8 may, for example, be a 
legacy PBX already installed within an existing private network. 

In an alternate embodiment of private network 10, private network 10 replaces 
a legacy PBX 18. In this embodiment, gatekeeper 32 and PBX gateway 34 perform 
the functions normally implemented in PBX 18. ' 

FIGURE 2 illustrates the integration of private network 10 and PLMN 44. 
PLMN 44 comprises a serving public land mobile network (S-PLMN) 72 and one or 
more other public land mobile networks (0-PLMN) 74. 

S-PLMN 72 is a public land mobile network that provides wireless 
communications services in a geographic area where private network 10 is located. 
Private network 10 is coupled to S-PLMN 72 through IP network 20 and PBX 18. 
Private network 10 transmits and receives voice and mobility management messages 
from S-PLMN 72. In one embodiment, S-PLMN 72 comprises a GSM public land 
mobile network. 

0-PLMN 74 is a public land mobile network that provides wireless 
communications services, but not to private network 10. Because 0-PLMNs 74 do 
not provide wireless services to private network 10, private network 10 does not 
transmit a signal directly to 0-PLMNs 74. Instead, private network 10 may 
communicate with 0-PLMN 74 indirectly through S-PLMN 72 or PSTN 46. 

S-PLMN 72 comprises a home location register (HLR) 76 and an operations 
and maintenance center (OMC) 78. Home location register 76 is coupled to IP 
network 20 through a PLMN gateway (PLMN GW) 70. Home location register 76 
handles location management functions for S-PLMN 72. Home location register 76 is 
operable to transfer general subscriber management information to subscriber location 
register 30 when each mobile station 12 registers with a WARP 26 within private 
network 1 0. Home location register 76 also tracks the location of each mobile station 
12. When mobile station 12 moves into private network 10, home location register 76 
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tracks which WARP 26 is :urrently serving mobile station 12. If mobile station 12 
roams between two WARJ^s 26, home location register 76 updates the location of 
mobile station 12. When mobile station 12 leaves private network 10, home location 
register 76 tracks the location of mobile station 12 within S-PLMN 72. Home 
location register 76 may comprise, for example, a SUN™ workstation with a 
database. 

OMC 78 is coupled to IP network 20 and PBX network 18. OMC 78 manages 
the operation of base station subsystems 22 in wireless subsystem 14 within private 
network 10. OMC 78 is operable to execute management applications for an operator 
of S-PLMN 72. OMC 78 may comprise, for example, one or more SUN™ 
workstations. 

PLMN gateway 70 is coupled to IP network 20 and to home location register 
76. PLMN gateway 70 provides a transmission interface between private network 10 
and S-PLMN 72. Through PLMN gateway 70, private network 10 may exchange 
circuit-switched voice messages with S-PLMN 72. Private network 10 may also 
exchange circuit-switched mobility management messages with S-PLMN 72. PLMN 
gateway 70 may be any of a number of available gateways. 

FIGURE 3 illustrates one embodiment of a functional architecture for 
managing wireless subsystems 14. The architecture is implemented within OMC 78 
and wireless subsystem 14. OMC 78 and wireless subsystem 14 may use a 
Telecommunications Network Management (TNM) architecture. In this embodiment, 
interactions across TNM interfaces use a manager-agent relationship and an 
abstraction of network resources in a management information model. Elements 
within private network 10 may also use other management protocols, and each 
management protocol has a corresponding management information model. 

In OMC 78, the architecture comprises an operations system function (OSF) 
102, a Q-Adaptor function (QAF) 104, and an interface 106. Operation system 
function 102 represents management functions performed by OMC 78. In one 
embodiment, OMC executes management applications to manage wireless subsystem 
14 for an operator of PLMN 44 using a Common Management Information Protocol 
(CMIP) management protocol. 

Q-Adaptor function 104 is coupled to operations system function 102 and 
wireless subsystem 14. Q-Adaptor function 104 performs a translation function 
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between management protocols used by OMC 78 and wireless subsystem 14. In one 
embodiment, OMC executes management applications using the CMIP management 
protocol, and OMC 78 manages wireless subsystem 14 using a Simple Network 
Management Protocol (SNMP) management protocol. Q-Adaptor function 104 
translates between the CMIP management protocol used within OMC 78 and the 
SNMP management protocol used between OMC 78 and wireless subsystem 14. 

Interface 106 couples operations system function 102 and Q-Adaptor function 
104. Interface 106 is operable to transfer CMIP management messages between 
operations system function 102 and Q- Adaptor function 104. In one embodiment, 
interface 1 08 comprises a TNM interface. 

The functional architecture in wireless subsystem 14 comprises a network 
element function (NEF) 108 and a mediation function (MF) 1 10 in WARP 26 and a 
network element function 116 in base station 24. Network element function 108 
represents management functions performed by WARP 26. Network element 
function 116 represents management functions performed by base station 24. In one 
embodiment, base station 24 performs management operations using a GSM Abis 
object oriented management protocol based on a GSM 12.21 protocol, and WARP 26 
performs management operations using the SNMP management protocol. 

Mediation function 110 provides a translation function between the 
management protocols used by WARP 26 and base station 24. . In one embodiment, 
mediation function translates between the SNMP management information model 
used in WARP 26 and the GSM Abis object oriented management information model 
used in base station 24. 

An interface 1 12 couples OMC 78 and WARP 26a. Interface 1 12 is operable 
to transfer SNMP management messages between OMC 78 and WARP 26a. In one 
embodiment, interface 112 comprises a TNM interface. An interface 118 couples 
WARP 26a to base station 24a. Another interface 118 couples WARP 26a to base 
station 24b. Each base station 24a-24b is coupled to WARP 26a. Interface 1 1 8 may 
comprise, for example, a TNM interface. 

An interface 1 14 couples OMC 78 and WARP 26b. Interface 1 14 is operable 
to transfer SNMP management messages between OMC 78 and WARP 26b. An 
interface 120 couples WARP 26b to base station 24d, and base station 24c is coupled 
to base station 24d. Only one base station 24d is coupled to WARP 26b. In this 
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embodiment, interface 1 14 and interface 120 are not TNM interfaces since the lack of 
a direct link between WARP 26b and base station 24c is inconsistent with the TNM 
architecture. Interface 114 may comprise an interface operable to transfer SNMP 
messages between OMC 78 and WARP 26b. Interface 120 may comprise an interface 
operable to transfer GSM Abis object oriented management messages between 
WARP 26b and base station 24d. 

FIGURE 4 illustrates one embodiment of the architecture of OMC 78, WARP 
26, and base station 24 for managing wireless subsystem 14 using the functional 
architecture of FIGURE 3. OMC 78 comprises a graphical user interface (GUI) 162, 
one or more management applications 164, a Q- Adaptor function module 166, and a 
manager 168. Graphical user interface 162 comprises an interface allowing an 
operator of S-PLMN 72 to gain access to and use OMC 78, Graphical user interface 
1 62 may comprise any of a number of available graphical user interfaces. 

Management application 164 is coupled to graphical user interface 162 and to 
Q-Adaptor function module 166. Management application 164 comprises one or more 
applications accessed and used by an operator of S-PLMN 72. Each management 
application 164 may comprise any number of management operations supported by 
the management protocol implemented in OMC 78. In one embodiment, management 
applications 164 perform CMIP operations. In another embodiment, management 
applications 164 comprise International Telephone and Telegraph Consultative 
Committee X.700 management applications. 

Q-Adaptor function module 166 is coupled to management application 164 
and manager 168. Q-Adaptor function module 166 acts as a protocol mediator, 
performing the Q-Adaptor function 104 of FIGURE 3. In one embodiment, Q- 
Adaptor function module 166 communicates with management application 164 using 
the CMIP management protocol and with WARP 26 through manager 168 using the 
SNMP management protocol. Q-Adaptor function module 166 performs the 
translation between the two management protocols. 

Manager 168 is coupled to Q-Adaptor function module 166 and to WARP 26 
through interface 112. In one embodiment, manager 168 is operable to communicate 
with WARP 26 over TNM interface 112. 

WARP 26 comprises an agent 172, a mediation function module 174, and a 
manager 176. Agent 172 is coupled to OMC 78 through interface 112 and to 



wo 01/60010 



12 



PCT/USOl/02572 



mediation function module 174. Agent 172 acts as a counterpart to manager 168. 
Together, manager 168 and agent 172 control interactions across interface 1 12. 

Mediation function module 174 is coupled to agent 172 and manager 176. 
Mediation function module 174 performs the mediation function 110 of FIGURE 3. 
In one embodiment, mediation function module 174 communicates with OMC 78 
through agent 172 using the SNMP management protocol and with base station 24 
through manager 176 using the GSM Abis object oriented management protocol. 
Mediation function module 174 performs the translation between the two 
management protocols. 

Manager 176 is coupled to mediation function module 174 and to base station 
24 through interface 118. In one embodiment, manager 176 is operable to 
communicate with base station 24 over TNM interface 1 1 8. 

Base station 24 comprises an agent 178. Agent 178 is coupled to WARP 26 
through interface 118. Agent 178 acts as a counterpart to manager 176, and together 
manager 176 and agent 178 control interactions across interface 1 18. 

FIGURE 5 illustrates several alternate embodiments for integrating Q-Adaptor 
function module 166 with private network 10 and PLMN 44. PLMN 44 comprises a 
PLMN operations support system (OSS) 198, which comprises one or more client 
terminals 200, an OMC platform 202, and an OSS router 204. 

Client terminals 200 are coupled to OMC platform 202 and to OSS router 204. 
Client terminal 200 may be a workstation comprising graphical user interface 162 and 
management application 164, Client terminal 200 may comprise, for example, a 
SUN™ workstation. 

OMC platform 202 is coupled to client terminal 200 and to OSS router 204. 
OMC platform 202 comprises Q-Adaptor function module 166 and a PLMN 
operations system. The PLMN operations system provides an operating system for 
the PLMN OSS to use in managing wireless subsystems 14. Q-Adaptor function 
module 166 performs the translation function between management protocols used in 
OMC 78 and A\'ARP 26. 

OSS router 204 is coupled to client terminal 200, OMC platform 202, and IP 
network 20. OSS router 204 transmits messages to an address in IP network 20, and 
OSS router 204 receives messages from IP network 20 for client terminal 200 or 
OMC platform 202. OSS router 204 may be any of a number of available routers. 



wo 01/60010 



13 



PCT/USOl/02572 



In one embodiment, Q-Adaptor function module 166 and the PLMN 
operations system are im;)lemented within a single platform 202. In another 
embodiment, Q-Adaptor function module 166 and the PLMN operations system may 
be implemented on different platforms within PLMN OSS 198. With either 
embodiment, OSS router 204 communicates with wireless subsystems 14a and 14b 
using the SNMP management protocol over a User Datagram Protocol/Internet 
Protocol (UDP/IP) connection. OSS router 204 is also operable to support a File 
Transfer Protocol (FTP) over a Transmission Control Protocol/Intemet Protocol 
(TCP/IP) connection. 

In another alternate embodiment, Q-Adaptor function module 166 could be 
implemented on a remote platform 206, Remote platform 206 is coupled to IP 
network 20 and wireless subsystem 14a. In this embodiment, remote platform 206 
comprises Q-Adaptor function module 166 and a private network router. Q-Adaptor 
function module 166 does not reside within CMC 78. Instead, OSS router 204 
communicates with remote platform 206 over IP network 20, and remote platform 
206 performs the Q-Adaptor function 104. OSS router 204 communicates with 
remote platform 206 using the CMIP management protocol. Remote platform 206 
also supports the File Transfer Protocol over TCP/IP connections. For a large 
wireless subsystem 14a, remote deployment of Q-Adaptor function module 166 
allows CMIP agent features to be used more effectively. In the illustrated 
embodiment, remote platform 206 includes both Q-Adaptor function module 166 and 
the private network router on a single platform 206. In another embodiment, Q- 
Adaptor function module 166 and the private network router could be implemented on 
separate platforms within private network 1 0. 

Router 208 couples wireless subsystem 14b to IP network 20. Wireless 
subsystem 14b can be a smaller wireless subsystem than wireless subsystem 14a. In 
this embodiment, router 208 communicates with OMC platform 202 or remote 
platform 206 over IP network 20 using the SNMP management protocol over UDP/IP 
connections. Router 208 also supports the File Transfer Protocol over TCP/IP 
connections. 

FIGURE 6 illustrates one embodiment of a protocol architecture used for 
managing wireless subsystem 14. The protocol architecture comprises an OMC 
protocol stack 240, a PLMN OSS router protocol stack 260, a private network router 
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protocol stack 270, a WARP protocol stack 280, and a base transceiver station 
protocol stack 320. 

OMC protocol stack 240 comprises a base station subsystem manager layer 
242, a SNMP layer 244, a TCP/UDP layer 246, an Internet Protocol (IP) layer 248, a 
Local Area Network (LAN) layer 250, and a Multicast File Transfer Protocol (MFTP) 
layer 252. PLMN OSS router protocol stack 260 comprises an Internet Protocol layer 
262, a LAN layer 264, and a Wide Area Network (WAN) layer 266. Private network 
router protocol stack 270 comprises an Internet Protocol layer 272, a WAN layer 274, 
and a LAN layer 276. 

WARP protocol stack 280 comprises a base station subsystem agent layer 282, 
a SNMP layer 284, a TCP/UDP layer 286, an Internet Protocol layer 288, a LAN 
layer 290, a MFTP layer 292, a base transceiver station manager layer 294, a base 
transceiver station network management (NM) layer 296, a Link Access Procedures 
for the D-Channel (LAPD) protocol layer 298, and a G.703 protocol layer 300. Base 
transceiver station protocol stack 320 comprises a base transceiver station agent layer 
322, a base transceiver station network management layer 324, a LAPD protocol layer 
326, and a G.703 protocol layer 328. 

Base station subsystem manager layer 242 and base station subsystem agent 
layer 282 support the use of the Telecommunications Network Management protocol 
over interface 1 12 by controlling the interactions across interface 112. SNMP layers 
244 and 284 support the transfer of SNMP management protocol messages between 
OMC 78 and WARP 26. • MFTP layers 252 and 292 support the transmission of 
management messages between OMC 78 and WARP 26 using the Multicast File 
Transfer Protocol and the File Transfer Protocol. TCP/UDP layers 246 and 286, 
along with Internet Protocol layers 248, 262, 272, and 288, support the use of TCP/IP 
and UDP/IP connections between OMC 78 and WARP 26. 

LAN layers 250 and 264 support the transfer of management messages 
between PLMN OSS 198 and OSS router 204. WAN layers 266 and 274 support the 
transmission of management messages between OSS router 204 and the private 
network router on remote platform 206 over IP network 20, which in this embodiment 
is a WAN. LAN layers 276 and 290 support the transfer of management messages 
between the private network router on remote platform 206 and wireless subsystem 
14a over IP network 20. 
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Base transceiver station manager layer 294 and base transceiver station agent 
layer 322 support the use of the Telecommunications Network Management protocol 
over interface 118, controlling the interactions across interface 1 1 8. Base transceiver 
station network management layers 296 and 324 support the use of the GSM Abis 
object oriented management protocol between WARP 26 and base station 24. LAPD 
protocol layers 298 and 326 support the establishment, maintenance, and release of 
GSM-managed circuits over wireless interface 48 between base station 24 and mobile 
station 12. G.703 protocol layers 300 and 328 support the use of a G.703 
transmission protocol between WARP 26 and base station 24. 

In this embodiment, Q-Adaptor function module 166 performs a protocol 
mediation between base station subsystem manager layer 242 and SNMP layer 244, 
and between base station subsystem manager layer 242 and MFTP layer 252 in OMC 
78. Mediation function module 174 performs another protocol mediation between 
base station subsystem agent layer 282 and base transceiver station manager layer 294 
in WARP 26. 

FIGURE 7 is a flowchart illustrating one embodiment of a translation function 
performed by Q-Adaptor function module 166. Q-Adaptor function module 166 is 
initialized at a step 400. Q-Adaptor function module 166 waits to receive CMIP 
management messages from OMC 78 at a step 402. The CMIP management 
messages may contain a management instruction and at least one parameter. 

When Q-Adaptor function module 1 66 receives a management message from 
OMC 78, Q-Adaptor function module 166 checks to see if the CMIP message 
contains a management instruction that is supported in the SNMP management 
protocol at a step 404. If not, Q-Adaptor function module 166 determines that the 
CMIP instruction is not supported in the SNMP management protocol at a step 406. 
Q-Adaptor function module 166 may take an appropriate action, such as returning an 
error message to OMC 78. Q-Adaptor function module 166 returns to step 402 to 
await another message from OMC 78. 

If the management instruction is supported in the SNMP management 
protocol, Q-Adaptor function module 166 performs a translation function 407. Q- 
Adaptor function module 166 maps the management instruction from the CMIP 
management protocol to an equivalent SNMP management protocol instruction at a 
step 408. Q-Adaptor function module 166 maps the parameters sent in the CMIP 
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management message to equivalent SNMP management protocol parameters at a step 
410. 0- Adaptor function module 166 composes a SNMP management message using 
the equivalent SNMP management instruction and parameters at a step 412. Q- 
Adaptor function module 166 transmits the composed SNMP management message to 
wireless subsystem 14 at a step 414. Q- Adaptor function module returns to step 402 
to await another CMIP message from OMC 78. 

FIGURE 8 is a flowchart illustrating one embodiment of another translation 
function performed by Q-Adaptor function module 166. Q-Adaptor function module 
166 is initialized at a step 420. Q-Adaptor function module 166 waits to receive 
SNMP management messages from wireless subsystem 14 at a step 422. The SNMP 
management messages may contain a management instruction and at least one 
parameter. 

When Q-Adaptor function module 166 receives a management message from 
wireless subsystem 14, Q-Adaptor function module 166 checks to see if the SNMP 
message contains a management instruction that is supported in the CMIP 
management protocol at a step 424. If not, Q-Adaptor function module 166 
determines that the SNMP instruction is not supported in the CMIP management 
protocol at a step 426. Q-Adaptor function module 166 may take an appropriate 
action, such as returning an error message to wireless subsystem 14. Q-Adaptor 
function module 166 returns to step 422 to await another message from OMC 78. 

If the management instruction is supported in the CMIP management protocol, 
Q-Adaptor function module 166 performs a translation function 427. Q-Adaptor 
function module 166 maps the management instruction from the SNMP management 
protocol to an equivalent CMIP management protocol instruction at a step 428. Q- 
Adaptor function module 166 maps the parameters sent in the SNMP management 
message to equivalent CMIP management protocol parameters at a step 430. Q- 
Adaptor function module 166 composes a CMIP management message using the 
equivalent CMIP management instruction and parameters at a step 432. Q-Adaptor 
function module 166 transmits the composed CMIP management message to OMC 78 
at a step 434. Q-Adaptor function module returns to step 422 to await another SNMP 
message from wireless subsystem 14. 

The method shown in FIGURES 7 and 8 shows the translation between CMIP 
management messages and SNMP management messages. A similar method may 
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also performed by mediation function module 174 in translating between SNMP 
management messages and GSM Abis object oriented management messages. 

Although an embodiment of the invention and its advantages are described in 
detail, a person skilled in the art could make various alternations, additions, and 
omissions without departing from the spirit and scope of the present invention as 
defined by the appended claims. 
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WHAT IS CLAIMED IS : 

1. A system for providing management protocol mediation between 
wireless networks, which use different protocols to manage each network, 
characterized by: 

a first wireless network (10) operable to communicate with a mobile station 
(12) over a wireless interface (48); 

a second wireless network (44) having an operations and maintenance center 
(OMC) (78) coupled thereto and operable to execute an application (164) to manage 
the first wireless network (10) using a first management protocol, the OMC (78) 
further operable to manage the second wireless network (44) using a second 
management protocol; and 

a protocol mediator (166) coupled to tlie first and second wireless networks 
(10, 44), the protocol mediator (166) operable to translate between the first 
management protocol and the second management protocol. 

2 The system of Claim 1, characterized in that the first management 
protocol comprises a Common Management Information Protocol management 
protocol. 

3. The system of Claim 1, characterized in that the second management 
protocol comprises a Simple Network Management Protocol management protocol. 

4. The system of Claim 1, characterized in that the protocol mediator 
(166) is coupled to the OMC (78) by a first Telecommunications Network 
Management interface (106), and the protocol mediator (166) is coupled to the first 
wireless network (10) by a second Telecommunications Network Management 
interface (112). 
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5. The system of Claim 1, characterized in that the first wireless network 
(10) is characterized by: 

a base station (24) operable to communicate with the mobile station (12) over 
the wireless interface (48); and 

a wireless adjunct internet platform (WARP) (26) coupled to the base station 
(24) and operable to communicate with the mobile station (12) through the base 
station (24). 

6. The system of Claim 5, characterized in that the WARP (26) is 
operable to manage the base station (24) using a third management protocol, the 
WARP (26) comprising a mediation function (174) operable to translate between the 
second management protocol and the third management protocol. 

7. The system of Claim 6, characterized in that the third management 
protocol comprises a Global System for Mobile communication (GSM) Abis object 
oriented management protocol. 

8. The system of Claim 6, further characterized by a public land mobile 
network (PLMN) gateway (70) coupling the WARP (26) and the CMC (78), the 
PLMN gateway (70) operable to communicate with the WARP (26) and the OMC 
(78). 

9. The system of Claim 8, further characterized by an Internet Protocol 
(IP) network (20) coupling the WARP (26) and the PLMN gateway (70). 

10. A management center for providing management protocol mediation 
between wireless networks, which use different protocols to manage each network, 
characterized by: 

an operations and maintenance center (OMC) (78) operable to manage a first 
and second wireless networks (10, 44), the OMC (78) further operable to manage the 
first network (10) by executing an application (164) using a first management 
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protocol and to manage the second network (44) using a second management 
protocol; and 

a protocol mediator (166) coupled to the OMC (78) and operable to translate 
between the first management protocol and the second management protocol. 

11. The management center of Claim 10, characterized in that the first 
management protocol comprises a Common Management Information Protocol 
management protocol. 

12. The management center of Claim 10, characterized in that the second 
management protocol comprises a Simple Network Management Protocol 
management protocol. 

13. The management center of Claim 10, characterized in that the protocol 
mediator (166) is coupled to the OMC (78) by a Telecommunications Network 
Management interface (106). 

14. The management center of Claim 10, further characterized by a router 
(204) coupled to the OMC (78) and the protocol mediator (166), the router (204) 
operable to transmit and receive management messages over an Internet Protocol (IP) 
network (20). 

15. The management center of Claim 14, characterized in that the OMC 
(78) communicates with the protocol mediator (166) through the router (204). 
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16. A method of providing management protocol mediation between 
wireless networks, which use different protocols to manage each network, 
characterized by: 

executing at a first wireless network (44) an application (164) in an operations 
and maintenance center (78) using a first management protocol; 

managing a second wireless network (10) using a second management 
protocol; and 

translating between the first and second management protocols, 

17. The method of Claim 16, characterized in thai the first management 
protocol comprises a Common Management Information Protocol management 
protocol. 

1 8. The method of Claim 16, characterized in that the second management 
protocol comprises a Simple Network Management Protocol management protocol. 

19. The method of Claim 16, characterized in that the step of translating 
between the management protocols comprises: 

mapping an instruction supported by a first protocol to an equivalent 
instruction supported by a second protocol; 

mapping a parameter supported by the first protocol to an equivalent 
parameter supported by the second protocol; and 

composing a message supported by the second protocol using the equivalent 
instruction and the equivalent parameter. 

20. The method of Claim 16, further characterized by: 

managing a base station (24) in the second wireless network (10) using a third 
management protocol; and 

translating between the second and third management protocols. 



wo 01/60010 



PCTAJS01/02S72 




wo 01/60010 



PCTAJSOl/02572 



2/5 




FIG. 3 



■24a 



K-1 



( START 



400 



WAIT TO RECEIVE CMIP 
MESSAGE FROM OMC 



■402 



406 



MESSAGE NOT 
SUPPORTED 
BY OMC 



IS CMIP 
MANAGEMENT INSTRUCTION 
SUPPORTED BY SNMP 
PROTOCOL 



TRANSMIT SNMP 
MESSAGE TO WSS 
I 



FIG. 7 





YES 




MAP CMIP MANAGEMENT 
INSTRUCTION TO EQUIVALENT 
SNMP MANAGEMENT INSTRUCTION 


^408 








MAP CMIP PARAMETERS TO 
EQUIVALENT SNMP PARAMETERS 


^410 


i 




COMPOSE SNMP MESSAGE FROM 
EQUIVALENT SNMP MANAGEMENT 

INSTRUCTION AND PARAMETERS 


-^412 




- 





■414 



407 



WOOl/dOOlO 



PCT/USOl/02572 



152- 



164- 



GUI 



MANAGEMENT 
APRS 



166- 



OAF 



168 
OMC 

78 




112 



3/5 

FIG. 4 

26 



WARP 
RESOURCES 




WARP 



118 



24 

8TS 
RESOURCES 




CLIENT-TERMINALS 




OMC 
PLATFORM 



CD 


□ 




CD 




CD 



PLMN OSS 



OSS ROUTER 



1^ 



198 



FIG. 5 



I WSS (OFFrCE A) 
LARGE OFFICE I 




14b 



' WSS (OFFICE B) [ 
' SMALL OFFICE 1 



I REMOTE 
PLATFORM 



wo 01/60010 



PCT/US01/02S72 



4/5 



to 

CNI 



OO 

CSI 



CM • 



r 

t— UJ 




1 -^1 


CD O 




CD 




LAPO 


G.703 ■ 






Q 
CL 

3 


G..703 



CO 
CD 
CSI 



O 

o 

^0 



CM 
CX) • 

CM 



on 



MFTP 
(FTP) 


TCP/UDP 
286 


co\ 

Q- OO 
— CM 


$ ai 




SNMP 
284 



CM 
lO - 
CM 



CM 



UJ 

tn o 
on < 



i- 



1 


TCP/UDP 
246 


ooi 

— CM 




SNMP 
244 



CL 



1^ 



CL 



CM| 

CL 

CM 


to 




:^ ^ 




i 

1 




CMI 
CL to 
CM 


^ ^1 


LAN 


SI 
cm| 



.J 

UJ 

I — 
ZD 

o 



~i CM 



o 
-oo 

CM 



1^ 




wo 01/60010 



PCTAJS01/02S72 



5/5 



( START ^ 



420 



WAIT TO RECEIVE SNMP 
MESSAGE FROM WSS 



^ 424 

IS SNMP ~" 
MANAGEMENT INSTRUCTION 
SUPPORTED BY CMIP 
PROTOCOL 



426 
\ 

MESSAGE NOT 
SUPPORTED BY 
CMIP PROTOCOL 





YES 




MAP SNMP MANAGEMENT 
INSTRUCTION TO EQUIVALENT 
CMIP MANAGEMENT INSTRUCTION 


^428 








MAP SNMP PARAMETERS TO 
EQUIVALENT CMIP PARAMETERS 


^430 








COMPOSE CMIP MESSAGE FROM 
EQUIVALENT CMIP MANAGEMENT 
INSTRUCTION AND PARAMETERS 


"^432 








TRANSMIT CMIP 
MESSAGE TO OMC 


^434 



427 



(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPER/VTION TREATY (PCT) 



(19) World Intellectual Property Organization 
Inlernational Bureau 

(43) International Publication Date 
16 August 2001 (16.08.2001) 




PCT 



(10) International Publication Number 

wo 01/60010 A3 



(51) International Palcnt Classificutioii^: H04L 12/24 

(21) International Application Number: PCT/U SO 1/02372 

(22) International Filing Date: 25 January 2001 (25.01.2001) 

(25) Filing Language: English 

(26) Publication Language: Bnglish 

(30) Priority Data: 

09/499,922 8 February 2000 (08.02.2000) US 

(71) Applicant: OPUSWAVE NETWORKS, INC fUS/US]; 
1365 Garden of ihe Gods Road, Colorado Springs. CO 
80907 (US). 

(72) Inventors: LEDSHAM, Stephen: 975 Pulpit Rock Circle 
South, Colorado Springs, CO 80918 (US). 1NAM» Abid; 
5215 Zachary Grove. Apt. #202. Colorado Springs. CO 
80919 (US). 



(74) Agents: KALER, Stuart, P. el aL: Siemens Coipomiion, 
Iniclleciual Property Dept., 186 Wood Avenue South, 
Iselin, NJ 08830 (US). 

(81) Designated SVMcs {naiionolj: CN,JK KR. RU. 

(84) Designated Stales (regionah: European patent (AT. BE. 
Cll. CY, DE. DK, ES. Fl. FU. GB. GR. IE. IT, LU. MC, 
NL. PT. SE, TR). 

Published: 

— wiih intenmtionai search ivport 

(88) Date of publication of the international search report: 

2 May 2002 

For two-letter codes and other abbreviations, refer to (he "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of Ihe PCT Gazette. 



= (54) Title: METHOD AND SYSTEM FOR PROVIDING MANAGEMENT PROTOCOL MEDIATION 



< 



o 

o 
O 




(57) Abstract: A system for providing management protocol medianoii beiwcen wireless networks includes a tlrsf wireless neiwork 
(10) operable lo communicate with u mobile station ( 12) over a wireless inicrrace (48). The system also includes a second wireless 
network (44) having an operations and maintenance center (OMC) (78) coupled thereto and operable lo execute an application to 
manage the llrsl wireless network (10) using a first management protocol. The OMC (78) is further operable to manage the second 
wireless network (44) using a second management protocol. The system further includes a protocol mediator (166) coupled to the 
first and .second wireless networks. Tlic protocol mediator ( 1 66) is operable to translate between the first management protocol and 
the .second management proiiKol. 



INTE«""ATIONAL SEARCH REPORT 



IntematU Application No 

PCT/US 01/02572 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H04L12/24 



According to Iniernatlonal Patent Classification (IPC) or to t)oth national classification and IPC 



B. HELDS SEARCHED 



Minimum documentation searched (classification system followed by dassilicatlon symbols) 
IPC 7 H04L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ, INSPEC, COMPENDEX, IBM-TDB 



C. DOCUIWENTS CONSIDERED TO BE RELEVANT 



Category * Citation of docun>ent. with indicaiion. where appropriate, of the relevant passages 



KELLER A: "TOOL-BASED IMPLEMENTATION OF A 
Q-ADAPTER FUNCTION FOR THE SEAMLESS 
INTEGRATION OF SNMP-MANAGED DEVICES IN 
TMN" 

NOMS '98. 1998 IEEE NETWORK OPERATIONS AND 
MANAGEMENT SYMPOSIUM. NEW ORLEANS, LA, 
FEBR. 15-20. 1998, IEEE NETWORK 
OPERATIONS AND MANAGEMENT SYMPOSIUM, NEW 
YORK, NY: IEEE, US, 
vol. 2 CONF. 10, 

15 February 1998 (1998-02-15), pages 

400-411, XP000799511 

ISBN: 0-7803-4352-2 

page 401, line 16 - last line 

page 403, line 1 -page 404, last line 

-/-- 



Relevant to claim No. 



1-4, 

10-13, 
16-19 



Further documents are listed in the conlinuation ot box C. 



□ 



Patent family members are listed In annex. 



* Special categories of cited documents : 

•A* document defining the general state of the art which is not 

. considered to be of particular relevance 
'E' earlier documeni but published on or after the International 
filing date 

•L' document which may throw doubts on priority claim(s) or 
which is cited to establish the publicaiion date ot another 
citation or other special reason (as specified) 

'O' document referring to an oral disclosure, use, exhibition or 
other means 

■p* documeni published prior to the international filing dale but 
later than the priority date claimed 



later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theoiy underlying the 
invention 

document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taKen alone 

document ot particular relevance: the claimed invention 
cannot be considered to involve an inventive step when Ihe 
documeni is combined with one or nwre other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



Date ol the actual completion of Ihe international search 

3 September 2001 


Date of mailing of the international search report 

13/09/2001 


Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31 -70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 


Authorized otticer 

Strobeck, A. 



Form PCT/ISA«10 (second sheet) (July 1992) 



page 1 of 2 



INTE"' 'ATIONAL SEARCH REPORT ^ „ 

internatit Application No 

PCT/US 01/02572 


C.(Continuation) OOCUUENTS CONSIDERED TO BE RELEVANT 


Category* 


Citation of documenl, with indicatlon.where appropriate, ol the relevant passages 


Relevant to claim No. 


A 


KOERNER E: "Design of a proxy for 

managing CMIP agents via SNMP" 

COMPUTER COMMUNICATIONS, ELSEVIER SCIENCE 

PUBLISHERS BV, AMSTERDAM, NL, 

vol. 20, no. 5, 5 July 1997 (1997-07-05), 

pages 349-360, XP004086041 

ISSN: 0140-3664 

page 351, left-hand column, line 3 -page 
355, right-hand column, line 10 


1.10,16, 
19 



Fofm PCT/ISA/210 (continuation of ssoond shoet) <July 18fi2) 



page 2 of 2 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□^MAGE CUT OFF AT TOP, BOTTOM OR SIDES 
^ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ R£FER£NCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning tliese documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



